Background: Large geographical variations in the incidence of disability benefits have been reported, but it is unclear to what extent that is confounded by variations in disability rates and disease pattern in the population and whether local variations in rehabilitation and health insurance practice modify the employment effect of disease. We have studied risk of labour market exclusion following incident hospitalization for ischaemic heart disease (IHD), and whether this risk may be modified by contextual factors on the municipal level. Methods: A cohort design on a 10% random sample of the whole Danish population including individuals aged 43-60 years, (n = 516.454 person-years including 840 cases of IHD). The independent variable was incident hospitalization for IHD and outcome variable was defined as job loss 2 years after the event. Regional-level data included all the 275 Danish municipalities in 1996.
Introduction

P
rotection against the impoverishing effects of illness and disability was one of the earliest achievements in many welfare states. But improvements in social insurance did not necessarily protect against social exclusion. In recent years policies to promote the social inclusion of people with chronic disease (mental or somatic) or disability are therefore receiving increasing attention, particularly with respect to their integration into working life and return to work after prolonged sickness periods. National, regional and social variations in employment and social consequences of illness are therefore of growing interest, as they might tell us something about how differences in policy and practice influence employment rates among the disabled and whether inequities exist. [1] [2] [3] [4] [5] An indicator of this, available in many countries, is rates of disability benefits. In universal welfare states such as in the Nordic countries social and regional variations in rates of disability benefits will be the outcome of a combination of variations in (i) morbidity and disability rates, (ii) work demands and access to the labour market for disabled and (iii) effectiveness of rehabilitation. [6] [7] Consequently, such variations cannot be interpreted directly as inequities in social consequences of ill health. Several studies have documented large geographical variations in the rates of disability pension in the Nordic welfare states. Dellve et al. 8 demonstrated large regional variations in the incidence of long-term sick leave and disability pension among 102.715 Swedish home care workers. The Danish National Social Appeals Board showed 4-fold regional differences in the prevalence of disability pension in a nationwide inquiry in year 2000. 9 Krokstad et al. 10 showed how the prevalence of disability pension in a Norwegian county varied between the different municipalities according to their level of relative deprivation. Ydreborg and Ekberg 11 showed considerable variations in the rate of rejection of applications for disability pension between Social Insurance boards in different geographical areas in a Swedish county, and similar findings have been published by Brun from Denmark. 12 The effect of local variations in rehabilitation practice and insurance management will be confounded by variations in disability rates and diagnostic case mix as well as variations in local labour market structure. If only rates of disability pension are used as an indicator of employment consequences, bias will occur due to the fact that some local authorities will be more restrictive, or they may let people stay for longer periods on sickness or unemployment benefits. An alternative is therefore to study the employment consequences of specific diseases. 13, 14 However, to our knowledge only two studies have examined regional variations in the effect of a specific disease on the risk of labour market exclusion, and both studies examined the incidence of disability pension for psychiatric diagnosis. 15, 16 Neither of these studies used data on incident cases of disease, nor did they include regional-level data on socio-economic factors in the analyses.
The aim of this study is therefore to analyse the risk of labour market exclusion following incident hospitalization for ischaemic heart disease (IHD) and how this risk of exclusion may be modified by contextual factors on a municipal level.
Methods
Study population/material
This study is based on data from a longitudinal register maintained by the Institute of Local Government Studies (AKF) in Denmark. The register comprises 10% of the Danish population aged 15 years or older by 1 January 1981 (N = 408 000) and has been updated annually with a new cohort of 15-year olds to maintain its external validity over time. The register contains data regarding birth, sex, occupation, education, employment status and annual income. Data have been linked to the national register of hospital discharges that cover all in-patients and include data about diagnosis at discharge. IHD was classified according to the 8th Revision of the International Classification of Disease (ICD8) for the years 1981-93, admission diagnosis 410 and 411 and from 1994 according to the 10th Revision (ICD10), admission diagnosis I 20.0; I 21; I 22.
The present study used a cohort design with a series of cohorts defined by each of the years 1996-2000. Each index year (x) was defined as the year when the incident IHD took place. The study base for the single level logistic models included individuals older than 43 but younger than 60 years in the index year. Individuals who had been admitted for IHD before the index year were excluded (data before 1981 not available). The study population represented 516.454 person-years.
Measures
The outcome variable was defined as being out of employment 2 years after incident IHD, i.e. unemployment or living on transfer income (receiving disability pension, prolonged sickness benefits and welfare).
Regional-level data on the 275 Danish municipalities were obtained from Statistics Denmark covering the total Danish population aged 16-66 years in 1996-2000. Data were weighed with population size in each municipality and the variables included: average annual household income equalized by household composition; unemployment rate, employment rate; proportion receiving sickness benefits, proportion of those receiving sickness benefits who were previously unemployed; proportion of non-western immigrants. All these regional-level characteristics were categorized in quartiles. Finally, data on duration for the considerations of applications for disability pensions (dichotomized into 6 months and >6 months) were obtained from the National Social Appeals Board in Denmark.
In addition to gender and age (dichotomized in the multilevel analysis into <55 and 55 years), the following individual-level variables were used in the analyses: marital status-(i) married, (ii) widowed and divorced, (iii) never married; country of birth-(i) Danish born, (ii) born abroad; education-categorized as (i) low (primary education 10 years), (ii) medium (11-12 years), (iii) short further (theoretical training lower than bachelor degree), (iv) long further (equivalent of a university degree). Co-morbidity was included as any other somatic or psychiatric hospitalization in the past 2 years before the index year.
Data analysis
All analyses had to be conducted within the data system established by Statistics Denmark. While the study population for the single level logistic regression analysis represented 516.454 person-years, the size of our population sample for the multilevel modelling was restricted by Statistics Denmark. Thus, the population for the multilevel analyses represented all IHD cases and a random 30% sample of the rest of the total population in the longitudinal register maintained by the Institute of Local Government Studies (minus the IHD cases), n = 128.603 person-years. All analyses were performed in SAS, version 9.1. For the multilevel analyses the SAS Glimmix macro was used.
The logistic regression analysis was conducted in a forward stepwise manner in order to test the potential mediating role of the individual-level covariates. In order to test how the regional level influenced the risk of labour market exclusion multilevel logistic regression analyses were performed. Model 1 (table 1) was based on the final model of the single level  regression analysis (table 2) with the addition of the regional level (municipality) calculated as a random intercept model. The risk of labour market exclusion at the individual level was estimated among those with IHD referred to those without IHD. Model 2 further tested the fixed effects of the regional municipal characteristics one by one. Model 3 included a full model of all regional municipal characteristics in addition to the individual level and the random intercept effect, municipality. Estimates of the random variance component were converted into median odds ratios (MOR). 17, 18 MOR expresses the median in the distribution of OR arising when repeatedly choosing two individuals with the same covariates from different clusters (i.e. different municipalities) and quoting the high-risk subject versus the low-risk subject. In this way, the size of the variance components may be directly compared to the effect of the individual level covariates in terms of OR. Since MOR is a median of numerous OR it is not meaningful to calculate confidence intervals (CI). Table 3 shows that among the 840 cases of incident IHD 16.1% of men and 23.9% of women were out of employment 2 years later. Only 6.1% of the men and 8.2% of the women in the total population were excluded from the labour market in the same periods (P < 0.0001). Also, there was a significant difference in the prevalence of co-morbidity 2 years prior to the index year between cases of IHD and the total population, (P < 0.0001). Unadjusted OR for labour market exclusion following incident hospitalization for IHD was 2.84 (CI 2.40-3.40) among men and women (table 2), but men had less risk of being excluded than women OR = 0.71 (CI 0.70-0.73). Marital status had an independent effect on the risk of exclusion, showing an increased risk among never married, widowed and divorced. Addition of immigrant status to the regression model attenuated the association between IHD and subsequent labour market exclusion and showed that immigrants had a double risk of labour market exclusion compared to Danish born, OR = 2.06 (CI 1.97-2.16). Likewise, loweducational level was significantly associated with unemployment as was co-morbidity 2 years before the index year. Both variables further attenuated the association between incident IHD and exclusion and the full model showed an OR of 2.52 (95% CI 2.10-3.03).
Results
On the contextual level descriptive statistics for the period 1996-2000 showed huge variations among the 275 Danish municipalities for all the area-level characteristics included (table 4) . However, adjusting for the proportion receiving sickness benefit and the proportion of non-western immigrants showed no effect on the estimate of labour market exclusion in the multilevel analyses and was not included. Table 1 shows the multilevel logistic regression analyses of labour market exclusion in the period 1998-2002, following incident IHD 2 years previously. The individual relative risk of exclusion following incident IHD did not change substantially from the final logistic regression model in table 2 to the first multilevel model when the random effect of municipality was included. We did find independent effects of the regional municipal characteristics on labour market exclusion (Model 2). Thus, there was a graded effect along the quartiles of equalized annual household income and an effect of Contextual factors and incident disease high-unemployment rate. Also, consideration time of more than 6 months for granting disability pension showed an OR of 1.24 (95% CI 1.17-1.32). This estimate was not attenuated in the full model. However, the relative risk of labour market exclusion following incident IHD at the individual level was not modified substantially when specific characteristics of the municipality context was included in the multilevel analyses.
The random effect of municipality on labour market exclusion showed a MOR = 1.22 in Model 1, i.e. the MOR for exclusion between two individuals chosen at random from two different municipalities was 1.22. Thus, there was a significant but modest difference between the risk of being excluded from the labour market among the municipalities in this study, P < 0.0001. The random effect of municipality was reduced when equalized household income, unemployment and employment rate was included in the model. The full model showed a MOR = 1.17, (P < 0.0001). Interaction between the effect of IHD on job-loss and the municipal characteristics, measured as departure from additivity was calculated as synergy indexes. 19 The index showed an interaction effect of 1.85 (95% CI 0.97-3.49) between low-employment rate and job-loss when not adjusted for the other municipal characteristics. However, this effect was attenuated when all the characteristics were included in the model (1.53, CI 0.79-2.95). There was no interaction effect when calculating the synergy index for the other characteristics (data not shown).
Discussion
This study showed a strong association between incident IHD and labour market exclusion 2 years later. Men had less risk of being excluded than women. Immigrant status, loweducational attainment and co-morbidity did attenuate the effect of IHD on exclusion. These results are consistent with other studies which have shown both female sex and socioeconomic indicators at the individual level to be associated with labour market exclusion, not only following longstanding illness in general, [20] [21] [22] but also after specific conditions such as acute myocardial infarction and even heart transplantation. [23] [24] [25] Additionally, our study also demonstrated an effect of co-morbidity, measured by somatic or psychiatric hospitalization 2 years prior to the index year. We may even have underestimated this effect as hospital discharges does not catch many disabling health problems.
The multilevel analyses did show a significant difference in the risk of being excluded between the Danish municipalities in the study. Still, the individual relative risk of exclusion Contextual factors and incident disease following incident IHD was not modified substantially when the random effect of municipality was included. Based on an ecological deprivation index for 24 municipalities in a Norwegian county, including indicators on mean income, prevalence of disability, income and unemployment, Krokstad et al. 10 found that people living in relatively deprived municipalities had an increased risk of receiving a disability pension in a 10-year follow-up period, adjusted for individual determinants. Our study also demonstrated significant variations between the municipalities in the risk of becoming either unemployed or living on transfer income. Still, our results does not correspond with the Norwegian findings as the geographical variation in incidence of labour market exclusion following disease was not found to be an effect of differential social consequences across municipal levels of affluence. One possible explanation of this divergence is the difference in the health indicators used in the studies. The indicators used in the study by Krokstad et al. were self-reported long-standing health problems. This may include a broad range of various conditions with very different symptoms and functional limitations, and the result could therefore be confounded by diagnosis. Differences between the two countries in terms of health insurance practice might also be of major importance, as illustrated by the strong variations in sickness absence between the two countries. 10 In the present study we used register-based information on only one disease, incident hospitalization for IHD, and we regard specificity in disease measurement as high, and the degree of misclassification and selection bias must be seen as very limited. The hospital database has full coverage of all public hospitals (with <1% admission to private hospitals). However, there might still be some misclassification of employment status and residual confounding in the data. For example, the fact that some municipalities had no individuals registered as having received sickness benefits after unemployment is most likely due to registration error. Thus, we may have underestimated the effect of the municipal characteristics. Other factors not included in this study may have had an effect such as variations in job characteristics in terms of physical and mental demands, or differences in rehabilitation practice. There are however a lack of data available on these dimensions. These limitations should be addressed in further studies using a multi-method approach to include more information on local policies and practices. 
